Title: Probability, Statistics, and M& M s
Brief Overview:

Mars, Inc. publishes data concerning the frequency of the colors of M&Ms contained in a
package of the candy. In thisexperiment, studentswill gather their own data on the
frequency of the colors, and compare their values with the expected values according to
Mars, Inc.’sdata. Thisunit is designed to enhance students’ understanding of basic
probabilistic and statistical concepts, such as expected value. It aso can be used for more
advanced work in a statistics course by having students perform a Chi-sguared goodness-
of -fit test.

Linksto NCTM 2000 Standards:

* Mathematics as Problem Solving
Students will demonstrate their ability to devise a hypothesis, collect and compile data, and
use statistical concepts to compare their findings with their hypotheses.

* Mathematics as Reasoning and Pr oof
Students will demonstrate their ability to reason through the development and testing of
their hypotheses, and the justification of their conclusions

* Mathematics as Communication
Students will demonstrate their ability to communicate mathematically through the use of
data and the statistical analysis of the data to make a valid conclusion about their
hypotheses.

 Mathematics as Connections
Students will recognize the connection among probability, the devel opment of hypotheses,
and statistical tests.

* Mathematics as Representation
Students will use M&M candy and the probability of the colors asamodel in their Chi-
sguared goodness-of -fit test.

Linksto Maryland High School Mathematics Core L earning Goals:

* Functions and Algebra
Students will demonstrate their ability to use algebraic functions to carry out the
calculations during this statistical test.

 Statistics
Students will demonstrate their ability to collect, organize, analyze, and display the data
collected throughout the experiment. They will also demonstrate their understanding of the
process of hypothesis testing through the analysis of the data.

* Probability
Students will demonstrate their understanding of probability through the discussion of
probability distributions and how they relate to the test being performed with respect to the
null and aternative hypotheses.

Grade/Level:

This activity is appropriate for grades 7-12.



Duration/L ength:

This activity should take approximately 1-2 hours/class periods, depending upon
backgrounds and ability levels of the students.

Prerequisite Knowledge:
Students should have working knowledge of the following skills:

» The basic axioms of probahility, i.e., all probabilities are between 0 and 1, and the
probabilities of all eventsin the sample space sumto 1

 Expected value (students should be able calculate the frequencies they would expect to see
if Mars, Inc.’s datais accurate.)

 The purpose and procedures of hypothesis generation and testing (for more advanced
students)

* Chi-sguared tests, including how to read a Chi-squared table to obtain a critical value and a
p-value for the test (for more advanced students)

Student Outcomes:
Students will:

* gather their own data regarding the frequency of the colors of M&Msin a package by
counting the number of M&Ms in their pack of candy.

 compute the expected number of each color of M&M, given the number of M&Msin their
pack of candy.

» compare their data with the expected valuesto determine if the data published by Mars, Inc.
is consistent with their findings.

* usetheir data and the expected frequencies to compute a Chi-squared value and
subsequently conduct a Chi-squared goodness-of-fit test (for more advanced students).

M aterials/Resour ces/Printed Materials:

* M&Ms (approximately 50-100 for each student)
« Data sheet with published frequencies of colors of M&Ms
¢ Chi-sguared table

Development/Procedur es:

Students will begin by sorting their M&Ms by color, counting the number of each color as
well as the total number of M&Ms, and recording this on the data sheet. (Note that this
experiment can be done individually or as a class, with the teacher collecting and pooling
the data from each of the students.) Using the number of M&Ms in the sample and the
frequencies published by Mars, Inc., students will use the formula on the data sheet to
record the expected number of each color of M&M.

At this point, the exercise can take one of two directions, at the teacher’ s discretion. For
students not familiar with hypothesis testing, the teacher should lead a discussion in which
students compare their data with the expected values, commenting on any unusually large
discrepancies.



For more advanced students, the teacher should have the class conduct a hypothesis test,
with the null hypothesis being that the published datais correct, and the alternative
hypothesis being that at least one of the published frequenciesisincorrect. Students should
choose an appropriate alphalevel for the test, typically alpha=0.05. Now, using the
formula on the data sheet, students should calculate their Chi-squared value for the test.
Having done this, students should use the Chi-squared table to look up a critical value for
their test and given aphalevel. (Notethat for thistest, the number of degrees of freedom
is the number of colors minus one, or df=5.) Students should now compare their Chi-
sguared value with the critical value and draw a conclusion by either retaining or rejecting
the null hypothesis. Students may also use their Chi-squared value and the Chi-squared
tableto look up ap-value for their test. The teacher should then lead adiscussion
concerning the students’ results.

Assessment:

Students should present the information in some form of areport. Even if the analysisis
done as aclass, each individua student should be able to explain the development and
results of this statistical test. The students will be scored according to the rubric included.

Extension/Follow Up:

As an extension and an opportunity for further assessment, students could conduct another
test following this same procedure. Some possibilities include several hundred rolls of a
die, or to show that the number of chocolate chipsin a chocolate chip cookie is normally
distributed. Students should be encouraged to come up with additional tests they would
like to conduct.
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Chi-Squared table taken from Mendenhall, W. and Beaver, R. Introduction to Probability
and Statistics. Duxbury Press, Belmont, California, 1994.




Statistical Analysis Scoring Rubric

3 Hypothesis, collection, and analysis of data show

complete understanding of probability, statistics, and
the Chi-sguared goodness-of-fit test.

2 Hypothesis, collection, and analysis of data show

some understanding of probability, statistics, and
the Chi-squared goodness-of-fit test.

1 Hypothesis, collection, and analysis of data show

little or no understanding of probability, statistics, and
the Chi-sguared goodness-of-fit test.



Totals:

M&M Tally

Orange

Red

Brown

Blue

Green

Yellow

TOTAL




M&M Analysis

Color

Expected
[E(mp]

Actual
(m)

Actual — Expected
[n; - E(n;)]

[n; - E(m)]®

[n;- Egnm2
E(ny)

Orange

Red

Brown

Blue

Green

Yellow

Calculations:

[E(n;)] = % probability x Total number M&Ms

(n;) = actual count / Total number M&Ms

6
XX = X |n!--E§n!-)|2

1

E(ny)
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